SUMMARY In 1214 symptomatic medically treated patients with coronary artery disease, 57 noninvasive baseline clinical characteristics and 24 catheterization descriptors were analyzed by a multivariable analysis technique to determine the characteristics that were independent predictors of survival and, in particular, to determine whether noninvasive characteristics contributed prognostic information in addition to catheterization findings. When the noninvasive characteristics were analyzed, 31 characteristics were significant (p < 0.05) univariate predictors of survival, but only 12 contained significant independent prognostic information. Five-and 7-year survival rates in 197 patients who had none of the independently significant noninvasive characteristics were both 90%. Nineteen variables were significant when the catheterization descriptors were analyzed individually. Only seven were independently significant when they were analyzed jointly. When all 81 baseline characteristics were analyzed jointly, seven noninvasive characteristics (history of peripheral vascular disease, New York Heart Association class IV heart failure, nonspecific intraventricular conduction defect, progressive chest pain, nocturnal pain, premature ventricular complexes on the resting ECG, and left bundle branch block) and six invasive characteristics (left-main stenosis, arteriovenous oxygen difference, number of diseased vessels, abnormal left ventricular contraction, left ventricular end-diastolic pressure and anterior asynergy) were independently significant. Different survival rates may occur in subsets that are uniform with respect to only one or two important characteristics (e.g., coronary anatomy and ventricular function) because of differences in other important baseline characteristics. Both noninvasive and invasive characteristics must be taken into account to define prognosis in coronary disease fully.
with three-vessel disease and a normal left ventricle.
One explanation for the variation in survivals is that clinical characteristics and hemodynamic parameters that are not taken into account in a classification based on angiographic and ventriculographic findings do contain significant independent predictive information. Because increasing severity or prevalence of noninvasive or hemodynamic abnormalities is usually associated with increasing severity of coronary disease, it is difficult to ascertain their independent prognostic significance. When their effect is analyzed individually in multiple subsets that control the number of diseased vessels and the quality of ventricular function, sample sizes become too small to derive meaningful conclusions.9' [12] [13] [14] [15] An alternative approach is to use multivariable analysis techniques. An early study that used discriminant analysis9 identified heart size, dyspnea on exertion and resting heart rate as independent predictors of survival but did not take into account ventriculographic findings. Recently, Hammermeister et al.,17 using a complex strategy based on a combination of univariate and multivariable analysis methods, identified independent predictors of survival among 46 baseline characteristics.
In this study we examined 57 noninvasively acquired clinical characteristics and 24 catheterization descriptors in 1214 medically treated patients with significant coronary disease to determine: 1) which noninvasive characteristics were significant independent predictors of survival; 2) which catheterization descriptors were significant independent predictors of survival, and 3) which, if any, clinical characteristics contributed independent predictive information in combination with the catheterization findings.
VOL 60, No 6, DECEMBER 1979 Methods Patient Population Between November 1969 and January 1978, significant coronary disease (defined as > 75% obstruction of one or more major coronary arteries'6) was diagnosed by cardiac catheterization in 2123 patients at Duke University Medical Center. This number does not include patients who had prior revascularization procedures, congenital heart disease, hypertrophic cardiomyopathy, or valvular heart disease other than mitral insufficiency thought to be secondary to ischemic heart disease. All but 130 patients were catheterized because of recurrent chest pain suspected of being ischemic in origin. The patients without chest pain were a heterogeneous group and were catheterized for a variety of reasons, including complications of acute myocardial infarction, severe heart failure, intractable arrhythmias, previous myocardial infarction and abnormal resting or exercise ECGs; they were excluded from this study because they did not have ischemic pain. Of the 1993 patients with chest pain and significant coronary disease, 779 were treated surgically. The 1214 patients who were treated medically constituted the population for this study. One hundred twenty-seven (10%) of these patients subsequently underwent surgery after 6 months or more of medical therapy. The crossover patients had a higher prevalence of normal left ventricular function and a lower prevalence of New York Heart Association (NYHA) class IV heart failure than the noncrossover patients.
The manner in which the decision was made to treat a patient medically or surgically has been discussed previously." It was an individual decision made by the physician in conjunction with his patient. All physicians had access to the clinical information system described below and frequently used it to review the clinical outcome of medically and surgically treated patients of interest. Except in patients with left-main coronary disease, intractable angina was the main indication for surgical therapy. Most of the medically treated patients were anatomically and hemodynamically suitable for surgery but did not undergo operation because they had an adequate symptomatic response to medical therapy. However, some patients were treated medically because they were considered unsuitable for surgery.
Information System
The computerized information system used in this study has been outlined previously.18 In summary, a clinical, noninvasive data set comprising descriptors of demographics, history, physical examination, chest x-ray and ECG was collected prospectively on each patient at the time of catheterization. The noninvasive clinical descriptors and the invasive hemodynamic, angiographic and ventriculographic descriptors obtained by catheterization and the details of the selected therapy constituted the baseline data set on each patient. Follow-up information was collected 6 and 12 months after catheterization and annually thereafter.
Data Set
The data set analyzed in this study consisted of 57 noninvasive clinical characteristics and 24 catheterization parameters (table 1) . The 81 characteristics were derived from 89 descriptors that have been collected since November 1969.1" Some descriptors, including right-heart hemodynamic parameters, ejection fraction and treadmill test results, were omitted because the information had not been collected on every patient. Ejection fractions were obtained in 27% of patients prior to 1974 and in 91% of patients since then. Exercise tests were obtained in 61% of the patients. The diagnostic and prognostic significance of the exercise test in this subset of patients has been reported previously. 19 For the 81 characteristics that were analyzed, the information was complete in all but 11 patients.
Clinical (Noninvasive) Data
Clinical information was gathered by a cardiology fellow on standardized forms and was verified by a staff cardiologist. The historical characteristics included descriptors of chest pain, heart failure, previous myocardial infarction, risk factors and coexisting diseases. Chest pain was characterized according to its frequency, time of occurrence, severity, type and course in the 6 weeks preceding catheterization. Pain frequency was recorded as the number of episodes per week; pain severity was classified according to NYHA criteria;20 a patient was considered to be functional class IV if there were any episodes of rest pain in the 6 weeks preceding catheterization.
The pain type was characterized as nonanginal, atypical or typical and the pain course was characterized as improving, stable or progressive. Progressive chest pain was defined as a clinical increase in severity or frequency in the 6 weeks preceding catheterization. Progressive pain was described as unstable angina if it necessitated admission to a coronary care unit to rule out myocardial infarction and continued despite therapy. Chest pain accompanied by reversible ST-segment elevation was identified as variant angina.
Congestive heart failure was defined as evidence of salt and water retention (i.e., history of edema or proxysmal nocturnal dyspnea or previous physician documentation of rales, pulmonary congestion or ventricular gallop). Dyspnea alone was not considered evidence of congestive heart failure. The severity of heart failure at the time of catheterization was classified according to NYHA criteria. The presence of cardiomegaly on the chest x-ray was determined from the cardiothoracic ratio, although the actual ratio was not recorded. The physical examination and ECG characteristics that were collected and stored are listed in table 1. Follow-up Follow-up information was obtained at each interval by a staff cardiologist during a clinic visit or by a research associate by telephone. All patients had been followed for at least 12 months, 786 had been followed for 3 years, 489 for 5 years and 210 for 7 years. Overall, the follow-up was 99% complete. At each interval, functional status was ascertained and interval hospitalizations were documented. The patient's physician was contacted for further information when a patient died or if there was any possibility that a hospitalization was related to an ischemic event. The physician was asked to confirm his diagnosis for each event and, if relevant, to provide discharge summaries and documentation. Evidence of enzyme and electrocardiographic changes was obtained for fatal and nonfatal infarcts, as was a description of the cause and ,circumstances of all deaths. If a patient died outside hospital without recent physician contact, as much information as possible about the the circumstances of the death was gathered from a close relative.
Data Analysis
Cumulative survival rates from the time of catheterization were calculated by standard life- 15 episodes per week of chest pain at the time of catheterization and did not have resting ECG ST-T-wave changes, a history of previous myocardial infarction or progressive chest pain. The 3-, 5-and 7-year survival rates of these low-risk patients was 95%, 90% and 90%, respectively. The association between sex and survival was most apparent in this low-risk subgroup. There were no deaths among the 18 females in the group. However, six patients with significant left main stenosis were in the low-risk subgroup, of whom two died.
Analysis of Catheterization Parameters

Anatomy
Nineteen of the 24 catheterization characteristics were significant univariate predictors of survival (table  4) . Seven characteristics were identified as independent predictors when the catheterization parameters were analyzed jointly (table 5) . Significant left-main stenosis and the number of diseased vessels were among the most important of the independent catheterization parameters. The survival curves of patients with single-vessel disease (307 patients), twovessel disease (309 patients), three-vessel disease (521 patients) and left-main disease (77 patients) are shown in figure 2 . The respective 5-year survival rates for these categories were 92%, 85%, 64% and 37%.
Ventricular Function
Two descriptors of the overall LV contraction pattern and one descriptor of the site of asynergy contained independent prognostic information. Combination of the two descriptors of overall LV contraction classified ventricular function into three levels ( fig. 3 ). There were 504 patients with a normal contraction pattern (5-year survival = 89%), 558 with moderately abnormal contraction characterized by an abnormal but not diffusely abnormal contraction pattern (5-year survival = 70%), and 152 with severely abnormal contraction characterized by a diffusely abnormal contraction pattern (5-year survival = 38%). Survival in patients with moderate LV dysfunction could be further stratified by the presence or absence of anterior asynergy. Five-year survival rates were 76% in 292 patients in whom it was absent, and 62% in 266 patients in whom it was present.
The relationship between survival and the three levels of LV contraction pattern in one-, two-and three-vessel disease is illustrated in figure 4 . In singlevessel disease, 5-year survival rates were 97% in 188 patients with normal LV contraction and 83% in 112 patients with moderate LV dysfunction. Only seven model, 13 characteristics (seven noninvasive and six invasive) were identified as independent predictors of survival (table 6). The noninvasive characteristics that were independently significant in combination with the catheterization findings were: a history of peripheral vascular disease, NYHA class IV heart failure, PVCs on the resting ECG, nonspecific intraventricular conduction defect, progressive chest pain, nocturnal chest pain and left bundle branch block.
Forty-six patients had a history of peripheral vascular disease in the absence of NYHA class IV heart failure, PVCs, nonspecific intraventricular conduction defect and left bundle branch block. Fourteen of the 49 died, resulting in a 67% 3-year survival rate. The prevalences of three-vessel disease, left-main disease, abnormal ventricular contraction and abnormal hemodynamic parameters in patients with a history of peripheral vascular disease were similar to those in the total population. There was some interaction between progressive chest pain and history of peripheral vascular disease. Twenty-six of the 46 patients had progressive chest pain, and 10 died.
NYHA class IV heart failure, PVCs on the resting ECG, nonspecific intraventricular conduction defect and left bundle branch block identified small subsets of patients with advanced coronary disease and Variables are listed in descending order of adjusted chisquare statistics.
Abbreviations: NYHA class = New York Heart Association functional class; LV = left ventricular; PVC = premature ventricular complex.
severely impaired LV function who had a worse survival than could be predicted from the catheterization findings. Of 135 patients with one or more of these abnormalities, 95 had three-vessel or left-main disease and 93 had severe LV dysfunction or abnormal hemodynamics. Of 35 patients with NYHA class IV heart failure, 29 had three-vessel or left-main disease, 30 had severe LV dysfunction or abnormal hemodynamics and 28 died within 3 years.
Of the two independently significant chest pain descriptors, the relationship between progressive chest pain and survival was more clinically significant. It was present in 461 patients and was more common in patients with left-main (57%) and three-vessel disease (44%) than in patients with two-vessel (34%) and single-vessel (28%) disease. The association between progressive chest pain and decreased survival was apparent at almost all levels of vessel involvement and ventricular function. This consistent effect is illustrated in figure 6 for patients with one-, two-and three-vessel disease and normal or moderately impaired LV function. In patients with three-vessel disease and severely impaired LV contraction, the 3-year survival rate was 39% in 49 patients with progressive chest pain, compared with 64% in 52 patients with nonprogressive chest pain. The combination of progressive chest pain with either NYHA class IV heart failure or nonspecific intraventricular conduction was particularly lethal, with 27 deaths among 32 patients with one of these combinations.
The combined effect that progressive chest pain and abnormal hemodynamic parameters had on survival in a subset of patients with defined coronary anatomy and ventricular contraction pattern is demonstrated in figure 7 . The 2-year survival rate of patients with Fifty characteristics were significant univariate predictors of survival. However, there was considerable overlap in the prognostic information contained in many of the baseline characteristics, and when characteristics were examined after adjusting for the effects of other characteristics, relatively few in each group contained significant independent prognostic information.
The independently significant noninvasive characteristics identified in this study corresponded closely to those identified in studies in uncatheterized patients who have clinically diagnosed coronary disease. [1] [2] [3] [4] [5] Using various combinations of the noninvasive characteristics in this study we could stratify survival over a range varying from a 3-year survival rate of 37% to a 7-year survival rate of 90%. With the addition of descriptors of exercise test performance and radionuclide angiography to the noninvasive data set for future studies, prediction of survival by noninvasive characteristics may be even further refined.
Analysis of catheterization parameters confirmed the well-established prognostic importance of ventricular function and coronary anatomy.6-15 Descriptors of both overall and localized ventricular contraction abnormalities contributed independent information and were among the most important characteristics. However, their independence of coronary anatomy and LV contraction pattern and of each other had not been firmly established. In this study, complete characterization of LV function for prognostic purposes required descriptors of the overall contraction pattern, the sites of asynergy, the end-diastolic pressure and the AVOD. Ejection fraction data were not analyzed in this study because they were complete in only a subset of patients with shorter follow-up than the total group. The ejection fraction is an important prognostic characteristic,'7 and fewer important descriptors might have been required to fully characterize LV function if ejection fractions had been available. The fact that left-main coronary disease was the most important prognostic variable reflects both the severity of the lesion itself and the degree of impaired LV function that existed in this medically treated subset.
From the analysis of all 81 baseline characteristics together, we conclude that neither noninvasive nor invasive characteristics alone were sufficient to define prognosis completely. For example, when noninvasive characteristics alone were used to predict survival, six patients with left-main coronary disease were included in the low-risk subgroup. On the other hand, noninvasive predictors added significant prognostic information to the catheterization findings. Of these, the risk associated with a history of peripheral vascular disease appeared to be independent of baseline ventricular function, suggesting that the combination of coronary disease and peripheral vascular disease was a marker of rapidly advancing arteriosclerosis.
Clinically, progressive chest pain was the most important of the independently significant clinical characteristics. Approximately one-third of the patients were suffering from progressive chest pain and, although its prevalence was related to the severity of the coronary disease, it was present in a significant proportion of patients at all levels of anatomic involvement and ventricular function. The 33 was similar to the definition of unstable angina in this study. Since patients unsuitable for surgery or with left-main coronary disease were excluded from the NHLBI trial, it is not surprising that the mortality among medically treated patients was lower than that recorded in early studies27' 28 of uncatheterized, unselected patients with unstable angina.
Of the six independently significant noninvasive characteristics that did not remain significant in combination with the catheterization parameters, ST-Twave changes, a history of previous myocardial infarction and cardiomegaly on the chest x-ray were related to ventricular function, which was more accurately described by ventriculographic and hemodynamic descriptors. The duration of symptoms, another independent clinical characteristic that failed to remain significant, has previously been shown to be associated with the extent of anatomical involvement. 12 In a recent multiple variable analysis, Hammermeister et al.17 similarly identified both noninvasive and invasive descriptors as independent predictors of survival. These investigators also found extent of coronary disease and ventricular function to be the significant invasive predictors. Ventricular arrhythmia on the resting ECG was independently significant in both studies. Their results differ from ours in regard to other noninvasive predictors. Hammermeister et al. identified only age in addition to ventricular arrhythmias as an independent descriptor; we identified six other clinical characteristics, including two related to pain pattern, as significant. The outcome of the two populations was different. There were 70 cardiovascular deaths among the 746 patients studied by Hammermeister et al., compared with 245 deaths among 1214 patients in the present study. There are at least four explanations for these differences. First, 39% of the patients in Hammermeister's study had no vessels with . 70% stenosis and only 12% had significant three-vessel disease as defined in the present study. In another series of our own patients with only 50% stenosis, the survival was almost 100%. 16 Second, follow-up in the present study may have been longer, though this is not clear from the data in the Hammermeister paper. Third, the Seattle group included fewer descriptors of chest pain in their analysis. Fourth, the methods of analysis were different.
The stepwise analysis strategy used in the present study permitted a large number of characteristics to be analyzed jointly, with each characteristic being a candidate for inclusion in the final model regardless of its univariate significance. For example, sex was not a significant univariate predictor of survival but was selected in the final combination of clinical VOL 60, No 6, DECEMBER 1979 characteristics, indicating that it contributed significant prognostic information after adjustment for the effect of the other independent characteristics. In the strategies applied to '7 and when reintroduced into the final analysis, it was significant. There may have been other unrecognized, potentially significant characteristics that were also eliminated at an earlier stage.
The fact that in this study, 13 characteristics contained significant independent prognostic information indicates that the natural history of coronary artery disease can not be defined without reference to multiple baseline characteristics. The main determinant of the spectrum of prognostic characteristics in a population sample is the process by which patients are selected. Since the selection process varies from institution to institution, it is not surprising that there is a wide variation in reported survivals in coronary disease. Subsetting with respect to coronary anatomy and ventricular function controls the effect of two important prognostic factors, but still permits variation in important clinical and hemodynamic characteristics. The effect that variation in both progressive chest pain and hemodynamic parameters can have has been illustrated in this study. In one subset with defined coronary anatomy and LV function, 2-year survival varied from 93% in patients with normal hemodynamics and nonprogressive chest pain to 68% in patients with abnormal hemodynamics and progressive chest pain, an order of magnitude that is similar to the range of reported survival in patients with similar coronary anatomy and ventricular function.2 14 An important implication of these results is that patients with different pain patterns cannot be compared, although they may have identical coronary anatomy and ventricular function. Thus, patients with uniformly stable or unstable angina cannot be readily compared with each other or with patients in the present study unless allowance is made for the heterogeneity of our patients with respect to pain pattern.
Differences in the prevalence of important prognostic characteristics may explain the higher survival rates in medically treated patients in the Veterans Administration (VA) Cooperative Study14 compared with patients with equivalent coronary anatomy and ventricular function in the present study. failure were excluded from the VA study. Patients with inoperable lesions were also excluded from the VA study but were included in this study, and in addition, 50% stenosis was considered significant in the VA study but only > 75% stenosis was considered significant in the present study. The consistently lower survival rates reported from the Cleveland Clinic7 [8] [9] [10] 12 
